10^519714 

WO 2004/006406 i f (hsQ^T^ PCT/EP2003/007101 

Arrangement and method for protecting against overload 

of an electric motor 

The invention relates to an arrangement and a method 
for protecting against overload of an electric motor, 
in particular of an electrically driven fan blower for 
a vehicle. 

In vehicles, in particular internal combustion engines, 
electrically operated fan blowers are used for cooling 
the internal combustion engines. This makes it possible 
to control and regulate, in a targeted manner, the heat 
balance in the internal combustion engine. In order to 
be able to operate the fan blower or the fan at 
different speed levels, for example two fan blowers are 
connected both in series for a minimum speed and in 
parallel for a maximum speed by means of a changeover 
element, for example a changeover relay. 

When operating the fans in a parallel circuit, in the 
event of a fault in one of the fans, for example a fan 
being blocked, owing to an excess current resulting 
therefrom, a fuse element, for example a vehicle system 
fuse, is tripped and the circuit is interrupted. On the 
other hand, in the event of a fault in fans arranged in 
a series circuit, an increase in the internal 
resistance of the fan is brought about, as a result of 
which the tripping current of the fuse element is not 
reached. 

In the field of air conditioning systems for protecting 
against excessive temperatures, reversible thermal 
circuit breakers are connected in the circuit of the 
relevant thermal components, as a result of which, in 
the event of a fault, i.e. in the event of an excessive 
temperature, the current flow in this circuit is 
interrupted. For this purpose, the thermal circuit 
breaker is in the form of a normally closed contact. 
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Since the thermal circuit breaker is designed in a 
known manner to be reversible, it is switched on again 
once the critical temperature has been undershot. Such 
circuit breakers can be used only to a limited extent 
5 in the motor cooling sector owing to their temperature 
range , 

The invention therefore has the object of specifying an 
arrangement for protecting against overload of an 
10 electric motor, which also provides sufficient fuse 
protection in a series circuit comprising two or more 
electric motors. Furthermore, a method will be 
specified which is particularly suitable for protecting 
an electric motor against overload. 

15 

The object is achieved according to the invention by an 
arrangement for protecting against overload of an 
electric motor, at least one changeover element being 
provided for controlling, in a speed- dependent manner, 
20 two series-connected electric motors, in which a switch 
element in the form of a normally open contact is 
connected in parallel with the electric motor and, in 
the event of excessive temperatures, causes the 
relevant electric motor to be short-circuited. 

25 

In this case, the invention is based on the 
consideration that, in the event of excessive 
temperatures at one of the electric motors or at both 
electric motors, for example owing to a fan driven by 

30 the electric motor being blocked, for example by a 
foreign body having entered it, a considerable thermal 
load may result, in particular excessive heating, which 
leads to a rise in the internal resistance of the 
electric motor. This in turn leads to a fuse arranged 

35 in the circuit of the electric motor not responding 
owing to the current flow being limited by the 
increased internal resistance. The rise in the internal 
resistcince of the electric motor thus needs to be 
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reduced to such a level that the fuse arranged in the 
circuit for the electric motor is tripped. For this 
purpose, a switch element in the form of a normally 
open contact is preferably connected in parallel with 
5 the relevant electric motor, the switch element short- 
circuiting the connection terminals of the electric 
motor in the event of excessive temperatures. As a 
result, the internal resistance of the electric motor 
is considerably reduced such that a current rise 

10 resulting therefrom exceeds a permissible, 
prede terminable limit value. Furthermore, such a 
parallel circuit of . the switch element with the 
electric motor makes it possible to detect the critical 
temperatures directly at the element bringing about the 

15 temperature increase. 

In one preferred embodiment, each electric motor has an 
associated switch element, it being possible for the 
switch elements to be tripped independently of one 

20 another. If in this case in the event of a fault only 
one of the electric motors is automatically 
disconnected by means of the associated switch element, 
the other can continue to operate according to its 
specifications, preferably at increased speed in order 

25 to increase the cooling power and thus the airflow 
power . 

In order to be able to reliably detect a temperature- 
related fault, the switch element is expediently in the 
30 form of a thermal circuit breaker, in particular in the 
form of a bimetallic strip. Such a thermal release, in 
particular the bimetallic strip, bends on heating and 
is tripped in the event of an excess current. 

35 For particularly reliable and simple detection of 
excessive temperatures at the electric motor, the 
switch element is integrated in the electric motor. In 
one preferred embodiment, in this case the switch 
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element is arranged on the mounting side of a brush 
plate of the electric motor connected in parallel with 
the electric motor. This results in sufficiently good 
heat transfer for the purpose of identifying the 
5 excessive temperatures and thus the overload on the 
respective electric motor. Furthermore, such an 
arrangement of the switch element on the mounting side 
of the brush plate requires little physical space and 
can thus easily be introduced particularly simply in 

10 free spaces provided on the mounting side and can thus 
easily be retrofitted. Furthermore, a switch element 
arranged in this manner does not require any additional 
wiring complexity. In addition, in this case a low 
contact resistance is provided in the event of a short 

15 circuit of the switch element. 

The switch element is preferably designed such that it 
is tripped above a specified motor operating 
temperature. In other words: For a simple design of the 
20 switch element it is sufficient for its tolerance 
ranges for tripping to be above a predeterminable, 
critical temperature range for the respective electric 
motor . 

25 In addition, a fuse element, for example a fusible link 
or another electronic fuse component, is expediently 
provided for disconnecting a circuit supplying the 
electric motor when a prede terminable, critical limit 
value is exceeded. In other words: In addition to the 

30 temperature-dependent tripping of the switch element 
and thus to a first stage of fault correction by short- 
circuiting the faulty electric motor, a fuse element 
for current -dependent tripping may be provided in a 
second stage. By this means, the circuit, i.e. the 

35 power supply to the electric motor, is interrupted when 
a predeterminable, critical current value is exceeded. 
In order to avoid electromagnetic interference, caused 
by the motor system, an interference suppression 
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capacitor or another interference suppression component 
is expediently connected in parallel with the switch 
element. A conventional capacitor is used as the 
interference suppression capacitor, 

5 

The object set as regards the method for protecting 
against overload of the electric motor, in particular 
of the electrically driven fan blower, is achieved 
according to the invention by two series-connected 

10 electric motors being controlled, in a speed- dependent 
manner, by means of at least one changeover element, in 
which the electric motor is short-circuited in the 
event of excessive temperatures by means of a switch 
element in the form of a normally open contact which is 

15 connected in parallel with the respective electric 
motor. The internal resistance of the electric motor is 
preferably reduced in this case such that a current 
increase resulting therefrom exceeds the predetermined 
limit value for the fuse element. This ensures that a 

20 fuse arranged in the circuit is reliably tripped. 
Depending on the type and design of the circuit and 
thus on the size of the fuse protecting the circuit, 
another limit value and thus another design for the 
thermal switch element is possible. 

25 

The advantages achieved with the invention consist in 
particular in the fact that a short circuit of an 
electric motor brought about in the event of excessive 
temperatures by means of a parallel circuit of a switch 

30 element in the form of a normally open contact with the 
electric motor makes possible a particularly reliable 
and simple fire-protection arrangement even for two 
series-connected electric motors (also known as twin 
fans) . Integrating the thermal switch element in the 

35 electric motor itself makes it possible to detect and 
monitor the critical temperatures directly at the 
source of heat. A switch element which is associated 
with the respective motor or fan ensures separate 
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monitoring and thus also separate safety disconnection 
of the respective faulty motor. Once the fault has been 
eliminated, the normal operation of the relevant 
electric motor can be activated again by replacing the 
5 tripped fuse. 

Exemplary embodiments of the invention are explained in 
more detail with reference to a drawing, in which: 

Figures lA, IB show a circuit diagram of an arrangement 
for protecting against overload of two 
series-connected electric motors each having 
an associated switch element in the normal 
state. 

Figures 2A, 2B show a circuit diagram of the 
arrangement shown in figure 1 in the tripped 
state. 

Figures 3A , 3B show a schematic illustration of the 
arrangement shown in figure 1 for an 
individual electric motor in the installed 
state, and 

Figures 4A^ 4 B s how a schematic illustration of the 
arrangement shown in figures 3A, 3B having an 
interference suppression capacitor connected 
in parallel with the switch element. 

Mutually corresponding parts are provided with the same 
reference numerals in all of the figures . 

30 Figure lA shows a circuit for eui arrangement 1 for 
protecting (referred to below as protective arrangement 
1 for short) against overload of an electric motor 2. 
The exemplary embodiment shows, for the purpose of 
ventilating an internal combustion engine (not shown in 

35 any more detail) of a vehicle, two electric motors 2, 
which are connected in series in a circuit 4. The 
series-connected electric motors 2 are used for driving 
in each case an associated fan blower (not shown in any 
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more detail) for cooling the internal combustion 
engine . 

For operating such a two-stage fan system for the 
5 internal combustion engine at different speed levels n, 
the two electric motors 2 are on the one hand connected 
in series for a minimum speed and on the other hand 
connected in parallel for a maximum speed by means of a 
changeover element 6. In order to protect the circuit 
10 4, a fuse element 8 is also connected in series with 
the electric motors 2 . The electric motors 2 are 
connected to a power supply (not shown in any more 
detail) , for example a battery, via an output terminal 
10. . 

15 

In order to protect the respective fcui and its electric 
motor 2 against an overload, such as may occur, for 
example, in the event of the blower or the fan being 
blocked, the protective arrangement 1 comprises a 

20 switch element 14 in the form of a normally open 
contact 12, which is connected in parallel with the 
electric motor 2, Depending on the type and design of 
the protective arrangement 1, each electric motor 2 may 
be provided with an associated switch element 14. The 

25 switch element 14 is preferably in the form of a 
thermal circuit breaker, for example a bimetallic 
strip. 

During normal operation of the circuit 4, i.e. during 
30 normal operation of the fan system formed from two 
series-connected electric motors 2, the normally open 
contacts 12 are open. The normal state of the normally 
open contact 12 is illustrated in figures lA and IB ( = 
equivalent circuit diagram) . 

35 

If excessive teitperatures now occur, for example owing 
to one of the fans becoming blocked, i.e. a critical 
temperature is exceeded and, as a result, the internal 
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resistance Ri of the respective electric motor 2 is 
increased such that a tripping current required for 
tripping the fuse element 8, in particular the 
predetermined limit value, is still not reached, this 
5 in turn would result in a considerable thermal load. 

In order to avoid such thermal loads, the switch 
element 14 is designed such that the normally open 
contact 12 is tripped when there is a temperature 9 

10 above the specified operating temperature- That is to 
say the normally open contact 12 is closed, as is 
illustrated in figures 2A and 2B. This results in the 
relevant electric motor 2 being short-circuited, with 
the result that the internal resistance Ri is reduced- 

15 The reduction in the internal resistance Ri leads to a 
current increase, the fuse element 8 being tripped and 
the circuit 4 interrupted when a critical value, for 
example the specified limit value, is exceeded. Two 
protection criteria are thus used for tripping two 

20 separate protective elements - firstly a critical 
temperature 9 is used to reduce the internal resistance 
Ri in the electric motor 2 by a short circuit by means 
of the switch element 14 and secondly a critical 
current value is used for disconnecting, for safety 

25 reasons, the circuit 4 of the relevant electric motor 2 
by means of the fuse element 8 . 

Depending on the type and design of the protective 
arrangement 1, in the event of a fault only one of the 
30 electric motors 2 can be short-circuited by means of 
the switch element 14; the other electric motor 2 
continues to operate at a higher speed n. In this case, 
the fuse element 8 is not tripped. 

35 As an alternative to or in addition to the protection 
of the respective electric motor 2 by means of the 
switch element 14, the electric motors 2 may be 
connected in parallel by means of the changeover 
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element 6. This then results in a relicible response of 
the fuse element 8 in the event of a fault. 

Figures 3A eind 3B show different embodiments for 
5 installing the switch element 14 on the respective 
electric motor 2, For particularly reliable 
identification of the thermal load and thus timely 
tripping of the protective arrangement 1 in the event 
of an overload, in particular in the event of excessive 

10 temperatures, the switch element 14 is connected in 
parallel with the respective electric motor 2, in 
particular directly in the vicinity of the- location at 
which the heat is produced in the event of a fault. For 
this purpose, the switch element 14 is preferably 

15 integrated in the respective electric motor 2 . 

In one preferred embodiment, the switch element 14 is 
arranged on the mounting side of a brush plate 16 of 
the electric motor 2 . For the purpose of supplying 

20 power to the electric motor 2, two busbars 18 of the 
brush plate 16 in the form of a moxinting plate are 
connected to power supply lines 20, For particularly 
effective contact resistance, the switch element 14 is 
connected between the two busbars 18, as is illustrated 

25 by way of example in figures 3 A and 3B. In this case, 
the switch element 14 is sufficiently well electrically 
insulated from the busbars 18 or the brush plate 16. 

In order to avoid electromagnetic interference when 
30 tripping the switch element 14 in the form of a 
normally open contact 12, an interference suppression 
capacitor 22 can be connected in parallel with said 
switch element 14. This is illustrated by way of 
exanqple in figures 4A and 4B, respectively, for the 
35 various arrangements of the switch element 14 between 
the two busbars 18 . 
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